Medium-and high-spin states of 134 Pr were populated using the 116 Cd( 23 Na, 5n) reaction and studied with the GAMMASPHERE spectrometer. Several new bands have been found in this nucleus, one of them being linked to the previously observed chiral-candidate twin-band structure. The ground state of 134 Pr could be determined through establishing a level structure that connects the two previously known long-lived isomeric states. Unambiguous spin-parity assignments for the excited states could be performed based on the known 2 − spin-parity of the ground state combined with the present experimental data. Intrinsic single-particle configurations have been assigned to the newly observed bands on the basis of the measured B(M1)/B(E2) ratios, alignments, band-crossing frequencies, bandhead spins, the observed single-particle configurations in the neighboring nuclei, and taking into account the predictions of total Routhian surface and tilted-axis cranking calculations.
I. INTRODUCTION
Unambiguous identification of intrinsic chirality in rotating triaxial nuclei is one of the most intriguing tasks of contemporary high-spin nuclear structure studies. Intrinsic chirality is generated when the total angular momentum vector of a rotating triaxial nucleus is out of the three symmetry planes of the triaxial mean field [1, 2] . According to recent model calculations the experimental manifestation of this intrinsic chirality is a structure of two, almost degenerate, I = 1 rotational bands having equal parity and linked to each other by inter-band γ -ray transitions. Such rotational doublet-band candidates for chiral structures have been observed mostly in two regions of the nuclear chart: around 134 Pr (see, e.g., Refs. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] ) and around 104 Rh (see, e.g., Refs. [17] [18] [19] [20] [21] [22] ). One of the key nuclei among the chiral candidates is 134 Pr. The strongly linked I = 1 rotational band structure, found by Petrache et al. [3] and assigned to the πh 11/2 νh 11/2 configuration, was the first experimental candidate for chiral rotation [1] . Since the publication of the chiral hypothesis for 134 Pr, this nucleus has been a subject of many experimental and theoretical studies [4, 9, 15, [23] [24] [25] [26] [27] providing several different scenarios for the nature of the chiral-candidate band structure. However, the many studies published up to now on 134 Pr concentrated mainly on the known chiral-candidate band structure in this nucleus, and thus, in many experimental aspects, the level scheme of this nucleus cannot be considered well known.
High-spin rotational bands in this nucleus were reported by Beausang et al. [28] , Petrache et al. [3] , and Hauschild et al. [29] . Besides the chiral-candidate band structure, three additional rotational bands were reported. These include a negative-parity four-quasiparticle band, assigned the π [413]5/2(h 11/2 ) 2 νh 11/2 configuration, in addition to two doubly decoupled bands, assigned to πh 11/2 ν[530]1/2 and πh 11/2 ν[660]1/2 configurations, respectively. The latter could not be linked to the rest of the level scheme and has a tentative parity assignment. The lifetimes of levels in the doubly decoupled bands were later measured by Rao et al. [30] , while the lifetimes of the chiral-candidate band structure were reported by Tonev et al. [23] .
No negative-parity two-quasiparticle bands have been reported in this nucleus, although they are expected. Also, the problem of deciding which of the two long-lived isomeric states is the ground state and which is the excited state has not been solved. Moreover, even for the known states and bands, the reported spins and parities are assigned tentatively. The aim of the present paper is to establish a more detailed level scheme of 134 Pr to enrich our knowledge of the active valence particles and the shape stability of this nucleus. This information is relevant also to studies addressing the chiral-candidate band structure. 2 208 Pb aimed at performing lifetime measurements using the Doppler shift attenuation method (DSAM) [35] , while Run 2 uses a self-supporting 1.22 mg/cm 2 thick 116 Cd target aimed to identify the high-spin states in 134 Pr. The current paper reports results from both runs; however, the DSAM analysis will be addressed in a separate paper.
For the off-line analysis, coincident γ rays were sorted using the BLUE and RADWARE software packages following the procedures defined in Refs. [36] and [37] , respectively. The details of the data analysis with the BLUE package, especially the handling of background subtraction for the DSAM analysis, are addressed in Ref. [38] . The γ -ray energies observed in Run 2 were corrected for Doppler shifts. The average velocity of the recoiling nuclei was measured to be β ∼ 1.380(5)%, in agreement with the value calculated based on reaction kinematics. For Run 2 a γ -ray energy resolution of E γ ∼ 3.8 keV full width at half maximum (FWHM) at E γ ∼ 660 keV was achieved; the resolution was measured using the 19/2 − → 15/2 − transition in 133 Pr. An angular-correlation analysis, based on the directional correlation of oriented states (DCO) method [39] was performed for γ -ray multipolarity assignments. This analysis was carried out based on the spectra extracted from the BLUE database for the backed target Run 1 with the background subtracted according to the prescription of Ref. [38] . In the geometry used, R DCO values of 1 and ∼0.6 are expected for the stretched quadrupole ( I = 2) and pure stretched dipole ( I = 1) transitions, respectively, when gating on a quadrupole transition. Using a stretched dipole gate with minimal quadrupole mixing, the expected values are ∼1.7 and ∼1, respectively. The expected R DCO values for I = 0 dipole transitions are similar to the ones for the stretched quadrupole transitions.
In order to analyze the γ -ray coincidence relations and to build the level scheme of 134 Pr the collected events were sorted into RADWARE cubes separately for the thin-target data and the thick-target data. They contained approximately 7 × 10 9 and 9 × 10 9 triple coincidences, respectively. The good statistics of the experiment enabled us to assign a large number of new γ rays to 134 Pr and determine their multipolarities. Altogether approximately 360 γ transitions have been assigned to this nucleus, more than half of them being identified for the first time in the present experiment. The properties of the observed 134 Pr γ rays are given in Table I . In the table, we accepted E2 multipolarity for all the γ rays with R DCO values corresponding to quadrupole transitions. If the transition is a stretched dipole on the basis of its R DCO value, we took into account other possible arguments in order to determine its electric and magnetic character. For example, for an in-band stretched dipole transition, we accepted M1 multipolarity. Example double-gated, background-subtracted coincidence spectra are plotted in Fig. 1 .
III. LEVEL SCHEME
From the observed γ γ γ -coincidence relations we have built a more complete level scheme of 134 Pr. The observed data also enabled us to determine which of the two long-lived isomeric states is the ground state of 134 Pr and to obtain unambiguous spin and parity assignments for the excited states of this nucleus, which were only tentatively known before the present experiment. The derived level scheme contains 13 bands, among which 9 are newly assigned to 134 Pr. For the sake of clarity the level scheme is plotted in Figs. 2, 3, and 4, respectively.
A. Low-and medium-spin negative-parity bands
Two long-lived isomeric states are known in 134 Pr. One has a 17-min lifetime and its spin-parity is unambiguously determined as 2 − from the β decay of 134 Nd [40] . The other has an 11-min lifetime and was observed in heavyion-induced reactions; however, its spin-parity could not be unambiguously determined. Possible 5 − , 7 − , and 6 − values have been suggested for its spin-parity in Refs. [41] [42] [43] . The energy difference between the two isomers was unknown up to the present experiment. Petrache et al. [3] observed the M1 cascade of band 12 and other γ transitions in coincidence with that cascade. They realized that this cascade feeds the 2 − isomeric state and that it is connected to band 5; however, they could not establish the corresponding level structure due to lack of statistics.
Five new negative-parity bands at low to medium spins (bands 9, 10, 11, 12, and 13 in Fig. 2 ) have been derived from the present experiment. Band 12 decays by the 332-and the 614-keV transitions to the state which is identified from the previous heavy-ion reaction studies as the 11-min isomeric state. However, the bandhead of band 12 lies 68 keV lower than this state, and this is the lowest-lying level in the observed level scheme. Therefore, it is straightforward to identify this bandhead as the 17-min isomeric state. Thus, these linking transitions fix the relative position of the two isomeric states, with the 17-min state being the ground state and the 11-min state having an excitation energy of 68 keV. The five bands shown in Fig. 2 are linked together through many γ transitions, and there are also several other paths that link the two isomeric states together, thus confirming the relative positions stated above. The spin and parity assignments of the levels in band 12 are based on the known 2 − spin-parity of the ground state, the measured DCO ratios, and the internal conversion coefficients derived from the coincidence intensities. DCO ratios of all five low-energy transitions of band 12 indicate a stretched dipole character for these γ rays. In order to determine the M1 or E1 character of these transitions, their relative coincidence intensities seen in the double-gated coincidence spectra, obtained by setting gates on the 404-152 keV pair and the 404-131 keV pair, have been examined. In these spectra the relative total (γ -ray + conversion-electron) transition intensities for the 116-, 131-, 152-, 118-, and 164-keV transitions should be equal. By assuming an M1 character for the 164-keV γ ray, the relative total transition intensity in the cascade can be calculated, and the α tot conversion coefficients of the other transitions can be derived by measuring their relative γ -ray intensities. This assumption can be justified: The 389-and the 451-keV transitions from the two lowest levels of band 13 have quadrupole character. As they have comparable intensities with the dipole transitions depopulating the same states, their multipolarity must be E2. Thus the initial and the final states of the 164-keV transition should have the same parity. The conversion coefficients are shown in Table II together with the theoretical conversion coefficients for M1 and E1 transitions.
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It can be seen that the transitions have most likely M1 character, with some probable E2 admixture if the 164-keV transition is M1. In the last column of the table we show the conversion coefficients determined by assuming an E1 character for the 164-keV transition. In this case the experimental values lie halfway between the theoretical E1 and M1 values, which would imply an E1 transition with a − level had smaller spin value, and the spin of the 11-min isomeric state were 6h, then many inter-band decays would show an "unnatural" pattern, which is not expected between high-spin rotational bands. For example, if the spin of the highest-energy level of band 12 was 5h, then all the spins in band 11, and consequently in band 5, would be 2h less than is plotted in the level scheme. In this case the lowest levels of band 5 would decay to band 1 by strong M2 transitions only, and not by I = 0 E1 transitions.
We note that the first excited low-spin state of 134 Pr reported in Ref. [45] has the same excitation energy within the experimental error as our 3 − level in band 12. Therefore, it is tempting to think that they are the same state. However, the spin assignment in Ref. [45] is 1 − . Thus either the two states are different or the spin assignment is not correct in one of the cases.
The spin of the 11-min isomeric state is fixed by the 332-and 614-keV stretched dipole transitions from band 12. It can only be 6h, which is in agreement with the value suggested tentatively in Ref. [43] . The parities of the bands in Fig. 2 are assigned by assuming that the quadrupole transitions which compete with dipole transitions from the same state are E2 transitions. Using this argument all the bands in Fig. 2 are proved to have negative parity. For the 11-min isomeric state it is in good agreement with the tentative parity assignment in Ref. [43] . The spins are assigned on the basis of the measured DCO ratios by assuming an increasing spin with increasing excitation energy within the bands. In order to show the decays out to the positive-parity bands some levels of these bands are plotted by thick lines; however, the decays between these positive-parity levels are not plotted in this figure. The decays out to the negative-parity medium-spin bands are indicated in Fig. 2 . The energies are given in keV, and the widths of the transitions are proportional to their relative intensities.
and linked mainly to bands 11, 12, and 13. It is placed in between bands 10 and 11 in Fig. 2 .
B. Positive-parity bands
The positive-parity bands observed in the present experiment are plotted in Fig. 3 . These bands decay to the shortlived 4.6-ns isomeric state, which was previously reported in Ref. [43] . Spin-parity 7 + has been tentatively assigned to this level in Ref. [43] . It was possible to confirm this assignment from the present experimental data. The 307-keV transition from this level to the 6 − 11-min isomeric state has a stretched dipole character according to the measured DCO ratio. Therefore the spin of the 4.6-ns level can be 7h or 5h. In both cases its parity can be positive or negative. It is known from Ref. [43] that the 4.6-ns level is fed by a cascade of 39-, 95-, and 171-keV transitions, among which the first two have M1 character. In the present experiment we observed an 82-keV transition from the 4.6-ns level and a 122-keV transition from the level depopulating by the 39-keV transition. Both transitions go to the 7 − state of band 10, which decays to the 6 − state by a 224-keV transition (see Fig. 2 ). Examination of the relative coincidence intensities of the 95-, 82-, and 122-keV transitions in the coincidence spectrum double-gated on the 171-and 224-keV transitions can assist in deriving spin and parity values for the 4.6-ns state. The coincidence 044302-9 4 19 (6) 27 (9) 62 (20) 103 (34) 550(180) 121. 9 13 (4) 15 (5) 23 (7) 23 (7) 15 (5) γ -ray intensities can be obtained directly from the spectrum. The total transition intensities can be derived by taking into account the internal conversion coefficients, which depend on the multipolarities of the transitions and consequently on the spin and parity of the 4.6-ns state. In Table III we show the observed experimental γ -ray coincidence intensities for the 95-, 82-, and 122-keV transitions, as well as their calculated transition intensities for the four possible cases. In the case of the correct spin and parity the sum of transition intensities of the 82-and 122-keV transitions should be equal with the transition intensity of the 95-keV transition. As is seen in the table, only the 7 + spin-parity complies with this condition. Thus, the spin-parity of the 4.6-ns state is 7 + , which is in good agreement with the value tentatively suggested in Ref. [43] .
The spin values of the higher-energy levels in Fig. 3 are derived using the multipolarities of the depopulating transitions obtained from the measured DCO ratios, by assuming that in the case of stretched transitions the spins increase with increasing excitation energy within a band. These spin assignments are confirmed also by the many linking transitions between the different bands, for all of which the experimental DCO ratios are consistent with the spin differences of the levels they connect. The parities of the bands are fixed by the quadrupole transitions that compete with dipole transitions from the same level. These transitions are considered to have E2 character. This argument provides positive parity for all four bands in Fig. 3 . Bands 1, 2, and 4 have been reported previously, while band 3 was derived first from the data of the present experiment. This band is linked by many dipole and quadrupole transitions to bands 1 and 2.
C. High-spin negative-parity bands
The negative-parity high-spin bands observed for the present experiment are plotted in Fig. 4 . Band 5 has been previously reported in Refs. [3, 28] . The other bands in the figure are observed for the first time in our experiment. Bands 5, 6, and 7 decay both to the lower-energy parts of the positiveparity bands and to the medium-spin negative-parity bands. The experimental DCO ratios of these decay-out transitions, as well as those of the transitions within the bands and between the bands, unambiguously fix the spin and parity values of the levels. According to these assignments all the bands in Fig. 4 have negative parity. A unique feature of the decay out of band 5 is that it feeds band 1 only by I = 0 dipole transitions and band 2 only by stretched dipole transitions. Band 6 is linked to band 5 by many stretched dipole transitions, while band 7 is linked to band 6 by many stretched quadrupole transitions.
IV. DISCUSSION
In this section we attempt to assign intrinsic single-particle configurations to the bands in 134 Pr. Measured B(M1)/B(E2) ratios, alignments, band-crossing frequencies, bandhead spins, and the single-particle configurations in the neighboring nuclei, as well as the predictions of total Routhian surface (TRS) and tilted-axis cranking (TAC) calculations are used to determine the configurations.
According to the observed intrinsic configurations in 132 Ce and neighboring odd-A nuclei, the active single-particle states in 134 [48] . In the case of the odd-odd 134 Pr we expect bands that are based on the combinations of the above single-proton and single-neutron states.
A. Analysis of the B(M1)/B(E2) ratios
In order to assist in the configuration assignments we have derived the experimental in-band B[M1; I → (I − 1)]/B[E2; I → (I − 2)] ratios for the I = 1 bands using the expression
B(M1; I
where the energies of the γ rays are given in MeV. The δ-multipole mixing ratios of the I = 1 transitions were assumed to be small, and thus δ 2 can be neglected. The experimental B(M1)/B(E2) ratios were compared to calculated values obtained using a generalized expression of the geometrical model of Dönau and Frauendorf [49] , formulated in Refs. [50, 51] . In the calculation, the K and i x values were approximated with constant values, and these are listed in Table IV together with the appropriate g values taken from [52] . The rotational gyromagnetic factor was taken as g R = Z/A, while the Q 0 electric quadrupole moments and the γ shape parameters were derived from the nuclear shape predicted by the TRS calculations. As the results of the TRS calculations failed to reproduce satisfactorily 044302-10 
B. Analysis of the alignments and Routhians
In order to confirm and further specify the assigned configurations, we have also derived the experimental alignments (i x ) and Routhians (e ) of the bands as they are defined in [53] and plotted them in (as in Ref. [3] ). In the derivation we assumed a K = 6 value for the bands 1, 2, 3, 5, 6, 7, 9, 10, 11, and 13. K = 1 was assumed for the doubly decoupled bands 4 and 8, and K = 2 for band 12.
The experimental total Routhians (E ) and aligned total angular momenta (I x ) are also compared to the TRS calculations based on the Woods-Saxon cranking formalism [54] [55] [56] . The labeling of the TRS orbitals is given in Table V . The compared values are plotted in Fig. 8 for the negative-parity twoquasiparticle bands. The Routhians are normalized by adding the same constant value to all the experimental configurations in a way that the predicted and experimental values for band 10 are consistent athω ≈ 0.25 MeV.
C. Band configurations

The positive-parity bands
The configuration and the possible chiral nature of bands 1 and 2 have been thoroughly discussed in several previous papers [ 2 both have πh 11/2 νh 11/2 configurations. In the present work, we confirm the previous tentative spin assignments; however, no new significant experimental data could be derived for these bands, which would affect the previous assignments and theoretical considerations. Thus we accept the previous interpretations.
Band 4 was discussed in Refs. [27, 29, 30] and has been suggested to correspond to the πh 11/2 ν(f 7/2 , h 9/2 ) configuration below the first alignment frequency. The f 7/2 and h 9/2 neutron orbitals, corresponding to the [530]1/2 and [541]1/2 Nilsson states, are strongly mixed in this region. Without TABLE V. Labels used for the quasiproton (p) and quasineutron (n) states of parity π and signature α; n denotes the nth state for a given set of (π ,α) quantum numbers.
044302-11 [27] assigned odd spins to this band, and therefore a πh 11/2 ν[530]1/2 configuration was suggested. On the other hand, Hauschild et al. [29] assigned even spins to the states in band 4 on the basis of the measured DCO ratios for the linking transitions between bands 4 and 1. Later Roberts et al. [43] increased the spin values of the band 1 states by 1 unit, which led again to odd-spin states in band 4. According to the present results, the states have odd spins. Therefore, most probably the main component of the configuration of band 4 is πh 11/2 ν[530]1/2. This assignment is also in good agreement with the measured bandhead spin of 9h, which is the sum of the single-particle spins expected for the rotation-aligned f 7/2 neutron and h 11/2 proton.
The alignment aroundhω = 0.45 MeV in bands 1 and 4 has been thought to correspond to the proton FG crossing in the previous assignments [27, 29] on the basis of TRS calculations and the observed alignment gain. The predicted FG crossing frequency is abouthω = 0.5 MeV. The lower observed crossing frequency (hω = 0.41 MeV) for band 4 was attributed to a reduced pairing strength due to blocking of the first πh 11/2 proton crossing [29] . However, in this case the crossing frequency for band 1 would also be reduced. In the case of band 4 the neutron ef crossing is also possible, and it is expected to be characterized by a similar alignment gain to that of the proton FG crossing, however at a lower rotational frequency. The B(M1)/B(E2) ratios observed in the present experiment for the upper part of band 1 confirm the FG crossing scenario for band 1, while the lower crossing frequency favors the neutron ef crossing scenario in the case of band 4. We need to mention, however, that although both the ef and FG crossings are expected to occur in band 4, only one crossing is observed up tohω = 0.65 MeV. The reason for this inconsistency is not clear. A possible explanation might be that due to the gamma softness of 134 Pr the ef crossing drives the nuclear shape to triaxial characterized by a negative gamma value, which pushes the FG crossing to higher rotational frequency.
Band 3 is newly identified in the present work. This I = 1 band has positive parity, and it decays through several M1 and E2 transitions to bands 1 and 2. It has an alignment value of around 8h, which corresponds to a two-quasiparticle configuration. These facts indicate that its configuration is πh 11/2 νh 11/2 , similar to the configuration of bands 1 and 2. The observed B(M1)/B(E2) ratios of band 3 are two to three times larger than the corresponding ratios of band 1 and are close to the B(M1)/B(E2) ratios of band 2 near the 17h spin region. This suggests a similarity between bands 2 and 3, which might indicate that the two bands are chiral partners. In this context, it may be informative to inspect also the signature splittings of the three πh 11/2 νh 11/2 bands. In the case of chiral geometry a small signature splitting is expected for the bands in the region of stable chirality. (Although the signature is not a good quantum number in the chiral case, we still use here the expression "signature splitting" for the observed odd-even staggering.) Thus, it is also a test for the chiral scenario. In Fig. 7 , the Routhians for bands 1, 2, and 3 are plotted below the first alignment in band 1. Band 1 shows a constant ∼30-keV signature splitting through the whole plotted frequency region, while the signature splittings of the two other bands are very small, being less than 10 keV in thehω = 0.3-0.4 MeV frequency region. This fact might show that if there are chiral doublet bands among these three bands, the doublet is not bands 1 and 3, but rather bands 2 and 3. This scenario seems to be also confirmed by the very similar alignment values for bands 2 and 3, while band 1 has a considerably smaller alignment value. Moreover, the signature splitting for band 1 is inverted. Low-spin signature inversion occurs systematically in this mass region for the πh 11/2 νh 11/2 bands [57] . The exact cause is still not understood completely; however, it has been suggested that both the triaxial shape of the nucleus and the proton-neutron residual interaction play a significant role. It is expected when the nuclear shape is triaxial with a positive γ value corresponding to the Lund convention [58] . This corresponds to the rotation around the small deformation axis instead of the medium axis, which would correspond to the chiral scenario. However, we stress again that the cause of the signature inversion is not well known yet, and thus we cannot draw strong conclusions on the shape of the nucleus only on the basis of the signature inversion.
The negative-parity two-quasiparticle bands
Bands 9-13 were not known before the present work. Their small alignment values in Fig. 6 It would be straightforward to think that these bands correspond to the lowest-energy first few negative-parity configurations predicted by the TRS calculations. In Fig. 8 we compared the experimental Routhians and aligned angular momenta of bands 9-13 with that of the low-energy negativeparity TRS configurations. The lowest experimental Routhians belong to band 12 at the lowest frequencies, and they belong to bands 9 and 10 at higher frequencies. It is the (Ea,Eb) TRS configuration pair that is predicted to have the lowest Routhians up to abouthω = 0.25 MeV. By taking into account that this configuration corresponds to a semidecoupled band, and given that no band similar to band 12 has been observed, band 12 could correspond to this configuration. The observed and calculated B(M1)/B(E2) ratios are also in good agreement with this assignment. However, there are features which contradict this assumption. One is the signature splitting. Very small signature splitting is observed in band 12, while quite large signature splitting (around 100 keV) is expected for the (Ea,Eb) TRS configurations, although the predicted signature splitting depends strongly on the γ deformation parameter and the nucleus is very γ soft. A more serious discrepancy is related to the observed and predicted alignment values. At a rotational frequency ofhω ≈ 0.1 MeV the predicted alignment value is around 6h, reflecting the rotation-aligned nature of the h 11/2 proton, while the observed alignment is only around 3h, suggesting a configuration without the rotation-aligned h 11/2 proton orbital.
Indeed, the bandhead of band 12 has a spin value of 2h. Such a small bandhead spin cannot be built from a configuration that contains the rotation-aligned One could expect that the bands 11 and 13 doublet corresponds to the Ce, Cf, Df, and De TRS configurations, which are the next negative-parity configurations not involving the proton h 11/2 orbital. However, the predicted features of these configurations do not agree with the observed features of the bands 11 and 13 doublet. In contrast with the predictions, the observed aligned angular momenta of these bands are not smaller than that observed for bands 9 and 10, but rather larger by 2h. Thus, also in contrast with the predictions, the Routhians of the two doublets converge with increasing rotational frequency instead of diverging. These features are expected for the case of bands in which the γ phonon is coupled to the configurations of bands 9 and 10, rather than in the case of the Ce, Cf, Df, and De TRS configurations. This assumption is in line with the fact that the nucleus in the Ae, Af, Bf, and Be TRS configurations is predicted to be rather γ soft. Bands in which the γ phonon is coupled to the yrast band are observed also in 132 Ce [48] and 133 Pr [60] with a γ -phonon energy of around 0.5 MeV. In the present case the bandhead energy difference between band 11 and band 10 is close to this value. Therefore, bands 11 and 13 might correspond to the configurations in which a γ phonon is coupled to the configurations of bands 9 and 10, or in which these configurations are mixed with the Ce, Cf, Df, and De TRS configurations.
The negative-parity four-quasiparticle bands
Bands 5, 6 and 7 are I = 1 bands linked to each other by several γ transitions, suggesting similar configurations. These bands cross bands 9, 10, 11, and 13 at a frequency of aroundhω = 0.3 MeV, with an alignment gain of about 8h. These crossing frequency and alignment values are close to those predicted by cranked shell-model calculations for the alignment of the first proton pair. On the other hand, the observed B(M1)/B(E2) ratios can only be reproduced by the present geometrical model calculations, if the configuration is either πd 5/2 (h 11/2 ) 2 νh 11/2 or πg 7/2 (h 11/2 ) 2 νh 11/2 . On the basis of these facts, we can assume that the configurations of bands 044302-14 5, 6, and 7 correspond to the above configurations. However, on the basis of the available data we cannot decide which of the above two configurations belong to which band. In the case of band 5, this configuration assignment is in good agreement with that proposed in Ref. [3] .
Band 8 is a doubly decoupled negative-parity band. Another doubly decoupled, tentative negative-parity band has already been observed in this nucleus [29, 30] and assigned as having πh 11/2 νi 13/2 configuration. We also see another band with an intensity of about 1.5 times that of the band 8 intensity; however, we could not link it to the level scheme. The levels belonging to this unlinked band have tentative even spin values in good agreement with the fact that the expected favored signature branch of the [660]1/2 (i 13/2 ) neutron orbital is the α = +1/2 branch, while for the [541]3/2 (h 11/2 ) proton orbital it is the α = −1/2 branch. The levels of band 8 have odd spin values. Thus this band may correspond to the πh 11/2 νi 13/2 configuration either with the α = +1/2 branch or with the α = −1/2 branch in both orbitals. The signature splitting is predicted to be smaller for the proton orbital, and thus band 8 probably corresponds to the above configuration with α = +1/2 signature in both orbitals.
V. SUMMARY
The high-spin structure of the 134 Pr nucleus has been studied using the 116 Cd( 23 Na, 5n) reaction in order to search for new rotational bands and obtain a more complete picture of the structure and special features of this nucleus. The level scheme of 134 Pr has been extended from this work. Nine new rotational bands have been found, among which one positive-parity band might be the chiral-partner candidate of the yrare πh 11/2 νh 11/2 band, while five of them are the expected two-quasiparticle negative-parity bands. The relative placement of the two previously known isomeric states has been established, and thus the ground state of the nucleus has been unambiguously determined. According to the present results, the 2 − (17-min) state is the ground state and the 6 − (11-min) state is the excited state at 68 keV above the ground state. The tentatively assigned spin and parity values of the previously known states have been unambiguously determined.
Experimental Routhians and aligned angular momenta, as well as B(M1)/B(E2) ratios, have been derived from the data and compared with predictions of total Routhian surface calculations, and results of the geometrical model of Dönau and Frauendorf, respectively. On the basis of these comparisons, and on the basis of comparison with neighboring nuclei, tentative configurations have been assigned to the new bands. According to this assignment, the observed negativeparity two-quasiparticle bands have a π (g 7/2 /d 5/2 )νh 11/2 configuration, and a configuration in which π (g 7/2 /d 5/2 )νh 11/2 is coupled to a γ phonon. This observation confirms the γ -soft behavior of 134 Pr, which is in line with the possible role of shape fluctuations proposed in Ref. [23] .
